Stroke is a complicated neurological disease and the second leading cause of death in the world. We aimed to investigate the association between CYP24A1 genetic polymorphisms and ischemic stroke risk.
| INTRODUC TI ON
Stroke, also named as brain attack, is a complex neurological disease and the second most common cause of death in the world (Katan & Luft, 2018; Naghavi et al., 2017) . With the characteristics of high incidence rate, high disability rate, high death rate, high recurrence rate and more complications, it gives to a serious hazard to human health and safety (Gorelick, 2019) . Stroke is divided into ischemic stroke (85% of all strokes) and hemorrhagic stroke (15% of all stroke). It occurs when blood in a certain area of the brain is interrupted or reduced, usually caused by a thrombus or a rupture or leakage of blood vessels. There are many risk factors for the development of stroke, such as race, sex, age, hypertension, diabetes mellitus, obesity, atherosclerosis, and dyslipidemia (Bhat et al., 2008; Hankey, 2003; Khoury et al., 2013; Kleindorfer et al., 2010; Tirschwell et al., 2004) . In addition, genetic factor was also known to be a very important risk factor for stroke (Boehme, Esenwa, & Elkind, 2017) . Polymorphisms of some genes have been identified to associate with the development of stroke, including HTRA1 (Menezes Cordeiro et al., 2015) , ABO (Williams et al., 2013) ,
FOXF2 (Chauhan et al., 2016) , and PITX2 (Gretarsdottir et al., 2008) .
CYP24A1 gene, cytochrome P450 24 subfamily A member 1, encodes a 24-hydroxylase, which can degrade the active form of vitamin D, 1, 25-dihydroxyvitamin D through multiple pathways (Blunt, DeLuca, & Schnoes, 1968; Jones, Prosser, & Kaufmann, 2012 , 2014 .
It has been found that the functional deletion of CYP24A1 gene leads to an increased concentration of 1, 25-dihydroxyvitamin D in serum (Jones et al., 2012; Roff & Wilson, 2008) . And many studies have indicated that vitamin D deficiency is a risk and serious factor for stroke development (Anderson et al., 2010; Poole, Nigel, et al., 2006) . Therefore, they believe that the single-nucleotide polymorphisms (SNPs) in enzymes involved in vitamin D metabolism such as CYP24A1 gene is closely related to the occurrence of stroke.
However, there is very limited information about the polymorphism of the CYP24A1 gene association with stroke risk. Adali's research showed that CYP24A1 (rs927650) was associated with susceptibility of stroke with hypertensive, smoker, diabetic, and obese individuals (Turkanoglu Ozcelik et al., 2018) . These studies suggest that CYP24A1 genetic polymorphism may be associated with stroke.
In this study, CYP24A1 SNPs effecting on ischemic stroke patients susceptibility were assessed in the Chinese Han population with case-control method. We also investigated the other risk factors (age, gender, hypertension, coronary disease) of ischemic stroke related to polymorphism of CYP24A1 gene. Our present study will give available information for prevention and management of ischemic stroke.
| MATERIAL S AND ME THODS

| Study subjects
All subject populations in this case-control study were recruited from the Affiliated Hospital of Xizang Minzu University including 477 unrelated ischemic stroke patients and 480 healthy individuals. The volunteers involved in our study were informed the intention of the sample collection and obtained written informed consent from each participant. Cases were selected from patients with ischemic stroke who were firstly diagnosed by neurological examination and brain computer tomography (CT) scan according to the clinical practice guideline for stroke in the World Health Organization. The inclusion criteria of patients are having anterior circulation stroke. In addition, the patients must meet the following exclusion criteria: the initial diagnosis is not stroke; caused by brain tumors, brain injuries, and hematological diseases; having family history of stroke; having history of autoimmune diseases, endocrine system, neoplasms, osteoarthrosis, and mental illness.
Health controls without history of stroke or transient ischemic attack and other diseases were randomly chosen from unrelated Chinese Han population who had a physical examination in the same hospital. Our study was approved by the ethics committee of the Affiliated Hospital of Xizang Minzu University. All experiments were carried out depending on the guideline of Helsinki's Declaration.
| SNP selection and genotyping
Four SNPs (rs2762934, rs1570669, rs6068816, and rs2296241) in CYP24A1 gene were selected from the databases of the 1,000
Genomes Project with a minor allele frequency ≥0.05 in our present study. The genomic DNA of peripheral blood samples in all subjects was extracted with a blood genomic DNA purification kit (GoldMag) following the manufacturer's protocol. The purity and concentration of genomic DNA were detected by NanoDrop 2000C spectrophotometer (Thermo Scientific; Gabriel et al., 2009) and then kept at −20°C before further analysis. Primers for PCR amplification were designed using the Agena Bioscience Assay Design Suite V2.0 software (https ://agena cx.com/online-tools/ ). SNP genotyping was identified by Agena MassARRAY iPLEX platform, and the data management and analysis were carried out using Agena Bioscience TYPER version 4.0 software.
| Statistical analysis
The differences of demographic characteristics in case and con- Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to evaluate the associations between CYP24A1 SNPs and ischemic stroke risk using logistic regression analysis with or without adjustment of age and gender. Multiple inheritance models were used for testing the relationship between SNPs and ischemic stroke risk using logistic regression analysis with adjustments by PLINK software. In addition, the stratified analyses were also carried out to access the association between SNPs and ischemic stroke risk in different subgroups (age, gender, and other risk factors). All statistical analyses were calculated with SPSS v17.0 (SPSS), and a two-tailed p < .05 was considered to be statistically significant.
| RE SULTS
| Characteristics of study individuals
A total number of 957 subjects took part in our present study, including 477 ischemic stroke patients (316 males, 161 females, averaged age 64.13 ± 10.82) and 480 healthy controls (313 males, 167 females, averaged age 63.69 ± 6.69). There were no significant differences in age (p = .433) and gender (p = .785) between the cases and controls. The detail characteristic information was presented in Table 1 .
| Association between CYP24A1 polymorphisms and ischemic stroke risk assessment
Four SNPs of CYP24A1 gene were analyzed in our present study.
The distribution of allele frequencies and basic information of all SNPs were listed in Table 2 . All the candidate SNPs conformed to the HWE (p > .05) which indicated appropriate SNP selection.
And all allele frequencies of CYP24A1 SNPs were not significantly associated with ischemic stroke risk (p > .05). We examined the association between CYP24A1 SNPs genotypes and ischemic stroke risk in genetic models by logistic regression analysis with adjustments for age and gender, as shown in Table 3 . Our results showed that the rs1570669 AG genotype in CYP24A1 was associated with a decreased risk of ischemic stroke (OR = 0.60, 95% CI = 0.46-0.80, p < .001). The AG-AA genotype of rs1570669 in CYP24A1 gene also decreased the risk of ischemic stroke (OR = 0.68, 95% CI = 0.52-0.88, p = .003).
| Effects of CYP24A1 polymorphisms on ischemic stroke susceptibility in different stratifications
The stratified analysis was performed to assess the influence of SNPs genotypes on ischemic stroke risk in multiple inheritance models. Because the average age of case and control group is 64 years old in our study populations, we stratified by age of 64 years. Association between SNPs genotypes and ischemic stroke risk in age stratification was shown in 
TA B L E 4
The SNPs of CYP24A1 gene association with ischemic stroke risk in age status ≤64 years, the rs2762934 would improve the ischemic stroke susceptibility (AG genotype, OR = 1.62, 95% CI = 1.04-2.52, p = .033; AG-AA genotype, OR = 1.62, 95% CI = 1.05-2.51, p = .031, respectively). The AG genotype of rs1570669 had a depressed correlation with ischemic stroke risk (OR = 0.61, 95% CI = 0.41-0.91, p = .015). Association analyses between SNPs genotypes and ischemic stroke risk in gender stratification were listed in Table 5 . In females, the rs1570669 was related to a decreased ischemic stroke risk (AG genotype, OR = 0.46, 95% CI = 0.28-0.74, p = .002; AG-AA genotype, OR = 0.58, 95% CI = 0.37-0.91, p = .018, respectively).
In males, the rs1570669 could reduce the occurrence of ischemic stroke (AG genotype, OR = 0.69, 95% CI = 0.49-0.97, p = .033;
AG-AA genotype, OR = 0.73, 95% CI = 0.53-1.00, p = .049, respectively). And the AG genotype of rs2296241 had a depressed risk of ischemic stroke (OR = 0.63, 95% CI = 0.44-0.90, p = .012).
In addition, we also analyzed the relationship between the SNPs in CYP24A1 gene and ischemic stroke risk on the basis of stroke potential risk factors including hypertension and coronary disease ( 
| D ISCUSS I ON
We firstly carried out the association analysis between four SNPs in CYP24A1 gene and ischemic stroke susceptibility in the Chinese population. Notability, CYP24A1 polymorphisms (rs1570669, rs2296241, rs2762934, and rs6068816) associated with ischemic stroke risk.
Interestingly, CYP24A1 polymorphisms (rs1570669 and rs2296241) played a protective role in risk of ischemic stroke, especially for the patients with hypertension. Moreover, CYP24A1 rs6068816 polymorphism was significantly associated with an increased ischemic stroke risk in age >64 years. CYP24A1 rs2762934 polymorphism had an enhanced susceptibility to ischemic stroke in age ≤64 years. Our results might give a new insight on relationship between CYP24A1 polymorphisms and ischemic stroke risk.
CYP24A1 is located on chromosome 20q13.2-q13.3 belongs to cytochrome P450 gene family, which is a kind of vitamin D 24-hydroxylase or 1, 25-dihydroxyvitamin D-24-hydroxylase. And those two enzymes encoded by CYP24A1 gene can catalyze 25-OH-D 3 or 1α-25-(OH) 2 D 3 to 24-hydroxylated vitamin D products (Jones et al., 2014) . Vitamin D is a steroid hormone, which mainly consists of two forms including 25 hydroxyvitamin D (25-OH-D 3 ) and
1,25-dihydroxyvitamin D (1α-25-(OH) 2 D 3 ; Blunt et al., 1968 ). An increased evidences have proved that the deficiency of vitamin D is closely related to human diseases, such as colon cancer (Jacobs et al., 2013) , breast or prostate cancer (McCullough, Bostick, & Mayo, 2009; Osanai & Lee, 2016) , hypertension (Varakantham, Ale, Sailoo, Nagalla, & Bharatraj, 2019), coronary artery disease (Shen et al., 2010) , cardiovascular health (Schwarz, Nicholls, & Psaltis, 2018) , myocardial infarction, and acute stroke (Poole, Loveridge, et al., 2006) . Ozben B showed that vitamin D deficiency is related to increase hypertension in healthy individuals, thus they proposed polymorphic enzyme such as CYP24A1 might improve the degradation of active vitamin D and vitamin D deficiency would enhance the risk of stroke development complicating with hypertension (Tarcin et al., 2009 ). Furthermore, Varakantham et al suggested the SNPs of CYP24A1 gene play a crucial function in disease susceptibility according to influencing the levels of 25(OH)D 3 (Cappellani et al., 2019; Varakantham et al., 2019) . Many studies revealed that genetic variants in CYP24A1 gene have previously been investigated in relation to risk of human diseases, such as coronary artery disease (Shen et al., 2010) , hypertension (Varakantham et al., 2019) , and obesity with ischemic stroke (Turkanoglu Ozcelik et al., 2018) It can be seen CYP24A1 polymorphisms association with ischemic stroke susceptibility.
In this case-control study, we focused on investigating the relationship of rs2762934, rs1570669, rs6068816, and rs2296241
in CYP24A1 with ischemic stroke risk. Our research indicated that those four SNPs of CYP24A1 gene played an important role in ischemic stroke risk evaluation. The rs1570669 was significantly associated with reducing susceptibility in ischemic stroke patients. To the best of our knowledge, there have not reported about correlation between rs1570669 and stroke risk. In addition, we also examined the correlation between SNPs of CYP24A1 gene and ischemic stroke risk via stratification analysis including age, gender, hypertension, and coronary disease. Upon age-based stratification, we found that the TC genotype of rs6068816 was associated with an increased risk of ischemic stroke, while the AG and AG-AA genotypes of rs1570669 played protective role in ischemic stroke risk of the subjects >64 years. And the AG and AG-AA genotypes of rs2762934 were a higher risk of ischemic stroke, but the AG genotype of rs1570669 could reduce the ischemic stroke risk in the subjects ≤64 years old. It seems that age is a significant factor in association between CYP24A1 polymorphisms and ischemic stroke risk. And CT of CYP24A1 rs6068816 polymorphisms was important in disease risk assessment, Xu et al. also revealed that the CT genotype of CYP24A1 rs6068816 is related to an increased risk of lung cancer in Chinese female nonsmokers (Qu et al., 2019) , which indicates that the same polymorphism may involve in variant human diseases.
In the gender-stratified groups, the AG and AG-AA genotypes of rs1570669 decreased the ischemic stroke risk in both female and male subjects. And the AG genotype of rs2296241 depressed the risk of ischemic stroke in male individuals. These results suggested that gender played a risk factor role in association with CYP24A1 variants and ischemic stroke progression. Besides, the AA genotype of rs1570669 presented a defended role in ischemic stroke susceptibility on the basis of hypertension stratification. We have not found association between CYP24A1 polymorphisms and risk of ischemic stroke patients with coronary disease, and there were no reports about this case at present. We guess some other polymorphisms of the CYP24A1 gene or other genes may relate to ischemic stroke with coronary disease, and it is need for further research.
Some limitations of this study are as followings. Firstly, we just identified four polymorphisms of the CYP24A1 gene correlated with ischemic stroke risk, and more polymorphisms in CYP24A1 associated with ischemic stroke risk are needed to detect. Secondly, the mechanism of CYP24A1 genetic polymorphisms influenced on isch- Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
TA B L E 6
The SNPs of CYP24A1 gene association with ischemic stroke risk under stratification analysis of other risk factors is required to focus on this issue. Thirdly, the correlation of genetic polymorphism with hemorrhagic stroke is needed to be tested in next step. In spite of the above limitations, our present results provided a scientific foundation in association with CYP24A1 gene and risk assessment for future research.
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